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Rainfall profile retrieval from the 14 GHz TRMM Precipitat ion Radar will require correction for
attenuation effects. Animportant technmque for this is the surface reference technique, which estimates
the patli attenuation through rain by comparing the clear air ocean backscatter with occar backscatter
inrain. It assumes that the iutrinsic ocean backscatter inthe clear andraining areas is thesame. There
has been coneern, however, that ocean backscatter in rain storms may be affected by high winds and
by rawfall damping of occan waves. We examine the cffect of rain using data fromn the TOPEX C- and
Ku band altimeter systemn. Results show that the intrinsic ocean backscatter wi thin rain is typically

clew tothatin clear areas, supporting the use of the surface reference technique.
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1 1 ntroduction

The surface reference technigque (S1{°17) (Meneghiniet il 1983, Marzoug and Amayenc 1991 ) has been
p roposed to reduce the ambiguities inherent in retrieving the rainfail profile from spaceborne revdar,
such as the Ku-band precipitation radar (PR) which will Iy on the "Tropical Rainfall Measuring Mission
(TRMM) (Shmpson et al., 1088). In the SR'T the ocean backscatterin a cleat arca is compared with
the oceanbackscatter i the raining area, and the difference hetween the two yields the path integrated
attenuation ('l A), which is then used as aconstraintinretrieving the rainrate profile. The SR assumes
that the tntrinsic ocean cross section o?inthe clear arcaand within the rain are identical. Haddad et
al. ( 1995) showed that this assumption must be et fairly closely (<2 dB)to prevent large errors in
the retrieved rain.

There has been concern that the assumption of { he saime 0% 1 rain and clear arcas may not be
t’slid because of the effect of rain and wind on the occan surface (Meneghini et al. 1992, Atlas 1994;
Durden et al . 1995). In particular recent laboratory studies have noted that rain can damp ocean waves
wit lywavelenglh 011 t lie order of 10 cm (Tsimplis 1992). This effect was noted by Atlas (1994) as large
modulations of the occan ¢ in Synthetic Aperture Radar (SA R) iinagery of oceanic rain cells. The
SAR imagery was acquired with incidence angles of around 202 or miore, where the dominant scattering
nicchanism is Bragg scaticring (Vesecky and Stewart 1982). The TRMMPR will operate with incidence
angles between nadir and 17° where quasi]ecular scattering is more likely to dominate (Brown 1979;
Vesecky and Stewart 1982y Because quasispecular scattering depends onthe Jargc.scale surfaceslope
variance rather than the waveheight spectrumm at the Bragg wavenumber, the effect of rain damping on
backscatter may beless severe near nadir than at typical SAR incidence angles. This was suggested by
the results of Durden et al. (1 995), showing that t he surface reference 1A and radiometer estimnated

P A near nadir were Wpically close to cactiother (1 dB RMS difference). Rain effects atnadin were also



studied by Guymer et al. ¢ 199 5), who prescnted several examples e ERS Taltimeter moasivernent s
i rain. In most cases the backseat ter in rain was reducect by attenuation; however | a few cases with
enhanced back scatt er, hkely due to rain darnping, we re found.

Because of the planned TRMM launch in 1997, the possin leldlect of rain on o ce an backseattor near
nadit has some urgencey. Herey it is investigatedusing datafromthe TOPEX C- pnd Ku-band altimeter
syst enn and the TOPEX nucrowave radiometer. This instrument suite allows use of two different
techmiques for ret rieval of both t he intrinsic occan Ku-band ¢ (ccorrected for path attennation) and
the path averaged rain rate. We first describe the data set and analysis technigues used here and then

presentresults of our analysis.

2 Topex Data Description and A nalysis

Tho TOPEX /POS EIDON niission was lau nclied in August of 1992 Lo study ocean circulation (Fu et al
1994). 1t is cquipped with a radar altimeter which operates at both C-band (5.3 GHz) and a Ku-ba nd
{13.6 GHz). The altimeter is pulse limited, giving a resolution of approximately 10 ki, which is about
2.5 times the expected TRMM PR footprint at nadir. TOPE X is also cquipped with a microwave
radior neter (18, 21, and 37 GHz), which allows path attennation estitnation and flagging of rain events,
Thie radiometer footprint is larger than the radar resolution, ranging from 40 kuiat 18 Glz to 20 «in
al 37 GHz. We examined 8 cycles (80 days) of TOPEX GDR data from 1993 using the rain flag in the
TOPEX GDR datlato detect rainfall events. Data was further limited to tropical latitudes, andonly
data with good o0 values, as flaggedin the TOPEX standard processing were used.

I'he 0 measurements at two frequencies can be used to estimate both the intrinsic, or unattenuated

o

0%, as well as the pathinteg rated rainrate. As discussed inQlsenctal. (1 978) the attenuation canbe

expressed as a power law of the rainrate. o111 tiodelfor the a2 measurement s is

0¢ = 0% acl'? 4 A (i)



i

0 ~ 0 12 .
Opy = 0 ¢ Y (2)

wlere 08 and af, are the measared ocean backscatter cross sections in dB3 and include path attenuation
clfects, o 1s the true or intrinsic backscatter cross section at Ku-band with attenuation effeets removed,
It is the path averaged rain rate, A\ is the clear air difference between o at the two frequencies, and

a is the power law constant from Olsen et al. (1978). Assuming a two way path of 10 ki for tropical

tain, ac =0 0.016 and ay,, - 0.27. Bquations (1) and (2) can be simultancously solved to get both /¢
and o}

0 = ((’l\'uaé’f - (’(7'07\'“ - “I\'UA)/((’I\'u - ”(') ({)

R=(o¢ - ofy - A)/((’l\'u - ac) (1)

This inversion algorithm allows us to retrieve It and 0? from the TOPEX altimeter measu rements. T'his
approach assuines that the intrinsic ¢+ at both frequencies is similarly aflected by rainand wind.

The 18 GHz microwave radiometer brightness temperature can also beused to estitnate pathimte-
grated attenuation (PTA) and path averaged rainfall k. 'To derive analgorithim for this, an Bddington
approximation radiative transfer code (Kummerow 1993) was run for the n1od o) atmospheres discussed
inDurdenet al. (1995). These simulat jous included a variety of rainrates, cloud waler, andsurface
wind conditions. Simple functions relating the Ku-band PYA (in dB) and K (in 111111/11) to thel8 Gz

brightnesstemperature were fit Lo the results, giving

PlA = 4.9- 1112 71,7- 73 ), 7, < 271.7K (

\Sal
~—

R= 21.8- 4.5In(272.0- 1), 1, < 272K (6)

where 1y is the 18 GHz brightness temperature. Once the PIA has been estimated, the 0 can be

estimated by adding 2 times the PIA to the measured Ku-band backscatter of,,.




3 Results

Cleat air measuremernts were used to deternnne that A is 3.5 dB. Measurenients in rain were then
processed using Iiquations (3) and (,1). A total of 8332 pomts showing the 2-Trequency estimated Ku-
band instrinsic b ackscatter cross section versus the estimated path averaged rain rate are displayed in
Figurel.The correlation coeflicientis -() 0b and the slope of the reg ression line is -0.03. The rainvate
range is fromito 164 mm/h, with amean of 3.1 111111711 andstandard deviation of 1.8 mm/h. T he
intrinsic backscatter o ranges up to 23.5 dB,withamean of 10,9 dB and standard deviation ofl 01 11%
0.95 dB. The standard deviation is close to that observed in clear conditions. The samme 8332 dat a points
were re-analyzedusing Equations (5) and (6). Inthiscasc o *is estimated by correcting the incasured
Ku-band backscatter (0%, ) by the radiometer estimated 2-way 1' 1A, The path averaged rain rate is
also estitnated from the brightness temperature. Figure 2 shows the results of this analysis, alongwith
the linear regression line. The corrclation cocflicientis -0 .15 and the slope of the regression line is -0.16.
The rain rate range is from 1to 9.5 mm/h, with a ncan of 1.9 min/h and standard deviation of 1.0
mm/h. The intrinsic 02 ranges up to 23.7 dB, with a nican of 10.8 dB3 and standard deviationof 1.10
dB. Thiese results arc quite similar to the results of the radar-only algorithin in Figure 1, although the
rainrates arc lower, likely dueto partialbeam filling cffectsinthe large radiometer foot print (Graves
1993). Thiswould also resultin an underestimate of the path attenuation, making the slope of the
regression line more negative than in Iigure 1.

In Figure 1 the instrinsic backscatter a®is, on average, nearly independent of the rainrate. In Figure
2 0° decreases slightly, on average, with increasing rain rate. At nadir rainfall damping of waves would
reduce the surface slope variance andincrease o®. Highwinds inrainstorins wouldhave the opposite
efleet, roughening the ocean and reducing 0. In both Figures 1 and 2 anomalously high and low values

of ¢ can be seen. The high values could be caused by rain damping, as noted by Guyiier et al. (1995),




while the Tow values may oceur in arveas of very high winds. The important point here is that on the
average the dependence of nadir backscatter on rain rate s small, cither because the rain and wind
cffects are both typically small or because they often occur near each other and tend to cancel cach

other’s effects. These results support the the underlying assumptions of the surface reference technique.
4 Conclusions

We have used TOPEX C-band and Ku-band altimeter data to retrieve both the path averaged raan rate
and the intrinsic ocean surface cross section. T'wo algorithins were used, one using the dual-frequency
radar data, the other using the Ku-band radar and 18 GHz radiometer data. A strong dependence of the
intrinsic 2 on rainfall rate was not found, possibly because the effect of rain damping on quasispecular
scattering is small. Another possibilty is thatsmoothing of the surface dueto rain often took place near
areas wilhroughening due to wind, so that the two eflects togethier reduced dependence of intrinsic o*

onrain rate. The results here support the underlying assumptions of the surface reference technique.

Acknowledgme nt

The author would like to thank Drs. 3. Martinand 1. Callahan of JPI, for useful discussions regarding
the T'OPEX instruments and data processing. The rescarch described here was performed by the Jet
Propulsion Laboratory, California Iistitute of Technology, under contract with the National Acronautics

and Space Administration.




References

lar ]

Atlas, ) 1994, Footprints of storms on the sea - o view fron spacchorne synthetic aperture

Geophys. Res., 99, 796 -796Y

Brown, G.S., 1979, Estimation of surface wind speeds using satellite- yorne radar measurements at

nornal incidence, Journal of Geophysica Rescarch, 84, 3974-3978.

Durden, S. L., Haddad, 4. 5., I, I Kitivakara, A, Li, FoK Tanner, A. B, and Wilson, W. J.,
1995, Measurement of rainfall path at enuation near nadir: A comparison of radar and radiometer

methods at. 3.8 GHz, Radio Scicnce, 30, 943-947

T'u, .., Christiansen, 1., Yamarone, C. A Lefebvre, M., Menard, Y., Dorrer, M., and lscudier, P,

1994, TOPEX/POSEIDON mission overview, Journal of Geophysical Rescarch, 99, 24369-2438

Graves, C. 1., 993, A model for the bean-filling efloct associated with he microwave retrieval of rain,

J. Atmos. Occanic Technol., 10, 5- .4

Guymer, 1. 11., Quartly, G. ., and Srokosz, M. A.. 1995, The effects of rain on IXRS 1 radar altimeter

data, Journal of Atmospheric and Occanie Technology, 12, 229-1247.

Haddad, %. S., Jameson, A. R., Im, 15, and Durden, S. .., 1995, Improved coupled 7-R and k-R
relations and the resulting ambiguities in the determination of he vertical distribution of rain

from the radar backscatter and he integrated attenvation Jowrnal of Applied Mcteorlogy, 34

208-2688

Kummmerow, C., 1993, On the accuracy of the Iiddington approximation for radiative .ransfer in the

microwave frequencies, Journal of Geophysical Rescard h, 98, 2757-2765.



Marzoug, M., and P. Amayenc, 1991, Improved range profiling algorithin of rainfall rate from a space-
borne radar with path-integrated attenuation constraint, [E1E Transactions Geoscicuee and Re-

mole Sensing, 29, H84-592.

Meneghing, R, Fekerman, J., and Atlas, Do, 1983, Determination of rain rate from a spaceborne radar
using measurcments of total attenuation, [EEL Transactions Geoscienee and Remole Sensing, 20,

34-43.

Meneghin, R., Kozu, T'., Kumagai, ., and Bonesk, W. . 1892 A study of rain estunation methods
from space using dual-wavelength radar mcasuraments at near nadir incidence over ocean, Journal
,

of Atmospheric and Oceanic Technology, 9, 364-382.

Olsen, R. L., Rodgers, D. V. and Hodge, D. B.. 1978, The alt® relation in the calculation of rain

attenuation, JINEE Transactions Antennas Propagation, 26, 318-329.

Simpson, J., Adler, R. I"., and North, GG. R., 1988, A proposed tropical rainfall imeasuring mission

(TRMM) saterite. Bulletin American Mclcorological Socicly, 69, 278-295.

Tsimplis, NJ., 1992, The effeet of rainincalming the sea, Journal of Physical Occanography, 22.404

412.




IMigure Captions
Figuie  Retrieved o versus ret ieved 12 using dual-frequency radar data and Equations (3) and (1).

Pigure 2. Retrieved @¢ versus retrieved 12 using Wu-band radar data and 18 GHz radiometer data

r

with Equations () and (6).
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